Background: In this study, we established a hypothetical tumor-lodds-metastasis (TLM) and tumor-ratio-metastasis (TRM) staging system. Moreover, we compared them with the 7 th edition of American Joint Committee on Cancer tumor-nodesmetastasis (AJCC TNM) staging system in gastric cancer patients after D2 resection.
Introduction
Approximately one million people are diagnosed each year with gastric cancer, making it the fourth most common cancer and the second leading cause of cancer related death worldwide with an estimated 800,000 deaths caused by the disease [1] . The incidence of gastric cancer varies widely according to geographic region and is particularly common in Asia [2] . Until now the prognosis for gastric adenocarcinoma patients stays poor and Tumor-NodeMetastasis (TNM) staging system has been proved to be a prognostic factor which can effectively predict the prognosis of gastric adenocarcinoma patients [3] . From January 1, 2010 on, the most recent revision of American Joint Committee on Cancer (AJCC) TNM stage for carcinoma of gastric (the 7 th edition) was put into use [4] . Our previous study has shown that the 7 th edition of AJCC TNM staging system was more reasonable compared with the AJCC 6 th system in predicting the survival of gastric cancer patients to a certain degree [5] . However, some authors pointed out that the value of the latest number-based pN classification in the AJCC TNM staging system was affected by the number of lymph nodes retrieved [6] [7] [8] [9] [10] [11] [12] [13] . A new ratio-based lymph nodes system (rN) has been proposed, which was defined as the ratio of the metastatic lymph nodes and the total number of retrieved lymph nodes after the resection. Recently, some studies has indicated that the TRM (Tumor-Ratio-Metastasis) staging system can be an alternative to the traditional TNM staging system [14] . However, some authors concerned that almost half of the Asian patients would not benefit from the ratio-based classification system since the definition of the rN0 classification was congruent with the pN0 classification [13] .
Log odds of positive lymph nodes (LODDS), is defined as the log of the ratio between numbers of positive lymph nodes and the numbers of negative lymph nodes. To avoid singularity, 0.5 is usually added to both the numbers of positive lymph nodes and negative lymph nodes, log (pnodz0:5) (tnod{pnodz0: 5) , in which the pnod is the number of positive lymph nodes and tnod means the total number of lymph nodes retrieved [15] . Sun et al. studied 2,547 gastric cancer patients and concluded that the LODDS system was more reliable than the Union Internationale Contre le Cancer (UICC) and AJCC pN system and the rN system for prognostic assessment [13] . Till now, there is no study focus on the prognostic significance of the tumor-lodds-metastasis (TLM) stage system for gastric cancer patients after D2 resection. The aim of our study is to compare the TLM, tumor-ratio-metastasis (TRM) and the 7th AJCC TNM staging system in prognostic assessment for carcinoma of the gastric after D2 resection in China.
Results

Patient demographics
The median age of the 730 patients was 60 years (range 24-83 years). Among them, 522 were male and 208 were female. The overall 5-year survival for the whole group of patients was 55.4%, with median survival of 78.0 months. The median follow-up for the entire cohort was 48.0 months (range 3.0-175.0 months). The characteristics of the 730 gastric adenocarcinoma patients and the effect of clinical features on survival were summarized in Table 1 . The total number of dissected lymph nodes was 12374, with an average of 17.0611.4 (means6s.d.) dissected nodes per case (median 16.0, range 0-72). The mean number of metastatic nodes was 7.865.0 (median 4, range 0-70) in the overall series and 9.767.6 (median 7, range 1-70) in lymph nodes positive patients. The number of excised lymph nodes was less than 15 in 21.6% of patients who received resection. Table 2 listed the patient numbers and the 5-year survival rates of different groups according to the value of rN with an interval of 0.1 (ranging from 0 to 1.0). As shown, 4 groups were identified by combining patients with similar prognosis. Accordingly, a novel N classification, rN classification was established: R0 (rN = 0), R1 (0,rN#0.3), R2 (0.3,rN#0.6), R3 (0.6,rN#1.0). The 5-year survival rates of R0, R1, R2 and R3 patients were 72.1%, 65.6%, 30.3% and 13.0%, respectively (P,0.001, Figure 1 ).
The classification of rN and LODDS intervals
The value of LODDS ranged from 22.05 to 1.93. Table 3 listed the patient numbers and the 5-year survival rates of different groups according to the value of LODDS with an interval of 0.5. Since only three patients with a LODDS smaller than 22.00, we combined patients in the group LODDS#22.00 and patients in the group 22.00,LODDS#21.50 together. As shown, we identified 4 groups by combining patients with similar prognosis. Another novel N classification, LODDS classification was then established: LODDS1 (LODDS#20.5), LODDS2 (0.5,LODDS#0), LODDS3 (0,LODDS#0.5), LODDS4 (0.5,LODDS). The 5-year survival rates of LODDS1, LODDS2, LODDS3 and LODDS4 patients were 71.2%, 47.9%, 25.9% and 14.8%, respectively (P,0.001, Figure 2 ).
The 5-year survival rates of N0, N1, N2 and N3 (AJCC N classification) patients were 72.1%, 63.7%, 53.9% and 26.8%, respectively (P,0.001, Figure 3) .
The Kaplan-Meier plots shown a good discriminatory ability among each group in these three N classifications. Table 4 listed the 5-year survival rates of patients with different pN and rN classifications, stratified by LODDS. As shown, for 
Univariate and multivariate analyses of 5-year overall survival
Both univariate and multivariate analyses were used to evaluate factors relating to 5-year overall survival. The items of age, tumor size, status of anemia, location of tumor, degree of differentiation, total number of lymph nodes retrieved, pT classification, pN classification, rN classification, LODDS and three staging systems were significantly related to 5-year overall survival (Table 1 ). In the AJCC 7 th TNM staging system the 5-year overall survival rates of patients from stage IA to stage IIIC were 92.3% vs 87.2% vs 74.2% vs 71.3% vs 56.5% vs 46.7% vs 26.3%, respectively (P,0.001, Figure 4 ). There was similar survival curves between stages IIA and IIB. While in the TRM and TLM staging systems, no overlapping survival curve was found in the seven subgroups ( Figures 5 and 6 ). The 5-years survival rates of patients from stage IA to stage IIIC in the TRM staging system were 92.3% vs 88.7% vs 83.9% vs 68.7% vs 60.7% vs 35.7% vs 20.5% (P,0.001). In the TLM staging system, the survival rates were 93.8% vs 85.9% vs 78.3% vs 65.2% vs 52.3% vs 30.1% vs 12.4%, respectively (P,0.001).
For the multivariable regression analysis, we firstly set up a model including age, status of anemia, size of tumor, tumor location, degree of differentiation, total number of lymph nodes retrieved and AJCC 7th TNM staging system. Then we set up a second model which was identical to the first one except that the AJCC 7th TNM staging system was replaced by the TRM staging system. In the third model we used the TLM staging system to replace the TRM system. We used two parameters to compare the TNM, TRM and TLM staging system, the 22log likelihood and the hazard ratio (HR). The higher the HR, the better the system. While the smaller the 22log likelihood, the better the system. Though in the three multivariable regression analysis systems, TNM, TRM and TLM were all independent factors for the overall survival (P,0.001 for these three parameters, Table 5 ). We found that the 22log likelihood of these three staging system were 1393.437, 1386.707 and 1382.555 for the TNM, TRM and TLM staging system, respectively. While the HRs were 1.366, 1.463 and 1.504 for the TNM, TRM and TLM staging system, respectively. Therefore we considered the TLM system was superior to the TRM and TNM system (Table 5) .
Discussion
For decades, the involvement of regional lymph nodes with cancer in malignant diseases has been considered as one of the most important prognostic factors. Other information pertaining to the total numbers of lymph nodes and negative lymph nodes has become the focus of studies in these years [15] . LNR and LODDS were two new indices that have been considered important and promising recently. The superiority of LNR as a prognostic classification in various malignancies, including gastric cancer, compared to the pN classification which is basing on the absolute number of metastasis lymph nodes (MLN) in predicting prognosis of gastric cancer patients [10, 12, 14] .
There is little data on the study of LODDS. Considering its unique statistical characteristic, LODDS has the potential to become a superior prognostic index. Our study shown that the LODDS classification was superior to the pN and rN classifications for prognostic assessment. In an analysis of the prognostic factors related to lymph nodes in 24,477 colon cancer patients extracted from the SEER database, Wang et al. [15] concluded that LODDS was a better prognostic factor than LNR. VinhHung et al. [16] and Yildirm et al [17] both reached another conclusion that the estimated LODDS provided similar result to those with LNR basing on the analysis of node positive breast cancer patients. There were several reasons that made LODDS classification superior to the rN and pN classification. Sun et al. [13] proposed that it might because of its potential of discriminating patients with the same ratio of nodes metastasis but different survival. Wang et al. [14] considered that LODDS was a function of the number of negative lymph nodes, whereas LNR was a function of total number of lymph nodes. In our study, we compared the overall survival rates of patients in different pN, rN and LODDS classifications and we observed that all the three N classifications were all significant different in predicting the survival. Moreover, we found that the significant differences in survival could always be found for patients in each of the pN or rN classifications when stratifying by LODDS. However, prognosis was highly homologous for patients in each of the LODDS classifications when stratifying by the pN or rN classifications. It is one evidence showing that the superiority of LODDS over the LNR or the AJCC N stage in gastric cancer. Wang et al. [14] analyzed 1343 cases of gastric cancer patients who underwent D2 resection and clasified the cut points of LNR as 0, 0-0.3, 0.3-0.6 and .0.6. They concluded that the TRM staging system may be considered as an alternative to the 7 th TNM system. While in some other reports the best cut points of LNR differed. In the study carried out by Bando et al. [18] , it was 0, 0-0.1, 0.1-0.25 and $0.25. Sun et al. [13] analyzed 2547 cases of gastric cancer patients and classified the best cut points of LNR as 0, 1-0.2, 0.21-0.5 and .0.5. The intervals of N ratio classification were determined in our study by comparing the overall survival rates according to the rN with an initial interval of 0.1 and combing patients with similar prognosis. The intervals of LODDS were also determined by using the best cutoff approach and considering the patients' survival (logrank statistic) with an initial interval of 0.5 as the dependent variable. According to this, in our manuscript, the cut points of lymph node ratio were set as 0, 0-0.3, 0.3-0.6, 0.6-1.0. And for the log odds of positive lymph nodes (LODDS), the cut points were established as#20.5, 20.5-0, 0-0.5, .0.5. Only 4 groups were identified by combining patients with similar prognosis which is comparible with the N classification in the AJCC 7 th staging system. While Sun et al. [13] established the LODDS classifications as #21.5, 21.5,LODDS#21.0, 21.0,LODDS#20.5, 20.5,LODDS#0 and .0.
Basing on the superiority of LODDS to LNR and the pN classification, we therefore combined the pT stage and the two new N classifications (LODDS and rN) together to form the hypothetical TLM, TRM staging system and then compared them with the AJCC TNM staging system. The main finding of the present study is that the new TLM staging system is superior to the TRM or TNM staging system for prognostic prediction by using Cox regression multivariate analysis. Though the Kaplan-Meier plot shown a good discriminatory ability among stages IA through IIIC with all the three staging systems, we found that there was no significant difference between patients with stage IIA and IIB, P = 0.589. which was similar to our previous study [5] . The implementation of TLM staging system led to the identification of subgroups of patients prognostically more significantly than those classified by the TNM or TRM system. Though in the three multivariable regression analysis systems, TNM, TRM and TLM were all independent factors for the overall survival (P,0.001 for these three parameters. Table 5 ). We found that the 22log likelihood of the TLM staging system was the lowest and the HRs of the TLM staging system was the highest. Therefore we considered the TLM system was superior to the TRM and TNM system.
In our study, all the patients received D2 lymphadenectomy with R0 resection, and the majority of patients (78.4%) had more than 15 lymph nodes retrieved. Therefore we did not discuss the effect of lymph node number retrieved on the three staging systems.
The authors are not aware of any other studies addressing the superiority of TLM staging system in gastric cancer in China. In this investigation performed with 730 gastric adenocarcinoma we came to the following conslusions: 1) LODDS is superior to pN or rN classifications in predicting the 5-year overall survival rates of gastric adenocarcinoma patients.
2) The TLM staging system was better than the TRM or TNM.in predicting the overall survival of patients with gastric adenocarcinoma after D2 resection. Incorporating LODDS into the staging system of gastric cancer will enable clinicians to more accurately predict the prognosis of patients. The limitation of current study is in its retrospective analysis setting and from a single-institution experience. The impact of various treatments related outcome could not be evaluated fully in this study. External validation by using other large database for evaluating the prognostic effect of LODDS and TLM system must be taken prior to the recommendation for its practical usage.
Methods
Ethics Statement
All patients provided written informed consent for their information to be stored in the hospital database; we obtained 
Patients
Between January 1996 and January 2006, the medical records of 1000 pathology-proven gastric adenocarcinoma patients who were diagnosed and received treatment in the Cancer Center of Sun Yat-Sen University were retrospectively analyzed. Eligibility criteria were: (1) patients aged between 18 and 75 years of age, (2) patients receiving D2 resection carried out by experienced surgeons in our hospital following the Japanese Gastric Cancer Association (JGCA) guidelines [19] , without macroscopic or microscopic residual tumor, (3) patients with a $3 months postoperative survival time and (4) patients without a history of other prior malignancy. Finally, 730 patients were included for the analysis.
The intervals of rN classification were determined by comparing overall survival rates according to rN with an initial interval of 0.1 and combining patients with similar prognosis (Table 2) . Similarly, LODDS classification intervals were determined by comparing overall survival rates according to the value of LODDS with an initial interval of 0.5 and combing patients with similar prognosis (Table 3) .
To make the study compatible with the 7 th edition of AJCC TNM staging system, we proposed another two staging systems on the basis of rN and LODDS classifications respectively. Considering that no patients with distant metastasis were included in this study, there is no stage IV patients in these three staging systems. The TRM staging system is as follows : IA, T1R0; IB, T1R1,  T2R0; IIA, T1R2, T2R1, T3R0; IIB, T1R3, T2R2, T3R1,  T4aR0; IIIA, T2R3, T3R2, T4aR1; IIIB, T3R3, T4aR2, T4bR0,  T4bR1; IIIC, T4aR3, T4bR2, T4bR3. The TLM staging system  is as follows: IA, T1L1; IB, T1L2, T2L1; IIA, T1L3, T2L2, T3L1;  IIB, T1L4, T2L3, T3L2, T4aL1; IIIA, T2L4, T3L3, T4aL2; IIIB,  T3L4 (Table 1) . During the study period we did not have a standardized protocol for postoperative chemotherapy and (or) radiotherapy. Adjuvant therapy was suggested to all patients with T3-T4 classification or positive lymph node involvement; however, only 548 (75.1%) patients completed the adjuvant treatments. No patients received the adjuvant radiotherapy. Until July 2011, there were 321 patients died from the disease.
Statistical analysis
All statistical analysis were performed by Statistical Package of Social Sciences 13.0 software. P value,0.05 was considered to be statistically significant. The Kaplan-Meier method was used to estimate the 5-year overall survival. For patients who remained alive, data were censored at the date of the last contact. KaplanMeier analysis with log-rank testing was used for univariate analysis. Overall survival rates were compared with different pN and rN classification when stratifying by LODDS and with different LODDS when stratifying by pN or rN classification. For the multivariate analysis, we firstly set up a model including age, status of anemia, size of tumor, tumor location, degree of differentiation, total number of lymph nodes retrieved and AJCC 7th TNM staging system. Then we set up a second model which was identical to the first one except that the AJCC 7th TNM staging system was replaced by the TRM staging system. In the third model we used the TLM staging system to replace the TRM system. We used two parameters to compare the TNM, TRM and TLM staging system, the 22log likelihood and the hazard ratio (HR). The higher the HR, the better the system. While the smaller the 22log likelihood, the better the system. 
